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Abstract

Purpose The purpose of the study is to compare the efficacy
of benzydamine HCI with sodium bicarbonate in the preven-
tion of concurrent chemoradiation-induced oral mucositis in
head and neck cancer patients.

Methods Sixty locally advanced head and neck cancer pa-
tients treated with high-dose radiotherapy concurrently with
platinum-based chemotherapy were randomly assigned to re-
ceive either benzydamine HCI or sodium bicarbonate from the
first day of treatment to 2 weeks after the completion of treat-
ment. The total score for mucositis, based on the Oral
Mucositis Assessment Scale (OMAS), was used for the as-
sessment, conducted weekly during the treatment period and
at the fourth week of the follow-up. Pain score, all prescribed
medications, and tube feeding needs were also recorded and
compared.

Results The median of total OMAS score was statistically
significant lower in patients who received benzydamine HCI
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during concurrent chemo-radiotherapy (CCRT) than in those
who received sodium bicarbonate, (p value < 0.001). There
was no difference in median pain score, (p value = 0.52).
Nineteen percent of patients in sodium bicarbonate arm need-
ed oral antifungal agents whereas none in the benzydamine
HCI arm required such medications, (p value = 0.06). Tube
feeding needs and the compliance of CCRT were not different
between the two study arms.

Conclusions For patients undergoing high-dose radiotherapy
concurrently with platinum-based chemotherapy, using
benzydamine HCI mouthwash as a preventive approach was
superior to basic oral care using sodium bicarbonate mouth-
wash in terms of reducing the severity of oral mucositis and
encouraging trend for the less need of oral antifungal drugs.
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Introduction

Concurrent chemo-radiotherapy (CCRT) has confirmed ben-
efits to improve treatment outcomes and survival rates over
radiation therapy alone in treating locally advanced head and
neck cancer patients. One of the common and major side
effects of CCRT is oral mucositis. Radiation-induced mucosi-
tis was found to be as high as 70% when adding concurrent
chemotherapy [1-4]. Radiation therapy-induced oral mucosi-
tis produces oral pain, swallowing difficulties, loss of taste,
nausea, vomiting, loss of appetite, fatigue, weight loss, and
decrease in quality of life. One or a combination of these
symptoms can lead to delay in radiation treatment and poor
treatment outcomes [5].

Radiation and chemotherapy directly injure DNA resulting
in clonogenic death of basal epithelial cells. The primary dam-
age responses then initiate a series of interacting biological
events and transcription factors, such as NF-kB, Wnt, cyto-
kines, tumor necrosis factor (TNF «), and p53, resulting in
cell apoptosis and indirect cell death. In response, oral flora
aggravates cytokine responses causing more inflammation
[6]. Despite the development of radiation technology, three-
dimensional conformal radiation therapy, or intensity-
modulated radiation therapy (IMRT), oral mucositis has not
been significantly alleviated. Oral mucositis can develop even
at low dose to the oral cavity (a cumulative point dose less
than 32 Gy) [7]. Typically, the therapeutic radiation therapy
doses for curative aim range from 60 to 70 Gy for either
postoperative treatment or definitive treatment [8—10].

The Multinational Association of Supportive Care in
Cancer and International Society of Oral Oncology
(MASCC/ISOO) and National Comprehensive Cancer
Network (NCCN) have recommended utilizing benzydamine
hydrochloride mouthwash to prevent oral mucositis in head
and neck cancer patients receiving moderate doses of radiation
up to 50 Gy without concomitant chemotherapy (level I evi-
dence) [11]. Other interventions such as basic oral care includ-
ing teeth brushing, oral gaggle with normal saline or sodium
bicarbonate solution, systemic zinc supplements, oral cryo-
therapy, and low-level laser therapy were suggested to prevent
oral mucositis (level II-III evidences [11]. However, antimi-
crobial paste or lozenges and other mouthwashes such as an-
tiseptic oral wash, sucralfate mouthwash, and G-CSF mouth-
wash were not recommended [11-14].

Benzydamine hydrochloride mouthwash has a component
of non-steroidal anti-inflammatory drugs (NSAIDs) for local
anti-inflammation, analgesia, and non-specific antibacterial
[12, 15]. There have been several studies where benzydamine
hydrochloride mouthwash was used to prevent oral mucositis
in head and neck cancer patients receiving radiation therapy
alone. Benzydamine hydrochloride mouthwash has been con-
firmed to decrease severity of oral mucositis in patients who
received radiation therapy less than 50 Gy [12, 16, 17].
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However, there has been no evidence to support using
benzydamine hydrochloride mouthwash to prevent oral mu-
cositis in patients who received CCRT for curative intent.
Therefore, this study aims to evaluate the efficacy of
benzydamine hydrochloride mouthwash with the intent to de-
crease severities of oral mucositis in head and neck cancer
patients receiving CCRT with mean radiation doses of at least
60 Gy to their oral cavities. The effectiveness of the mouth-
wash was measured weekly using the total Oral Mucositis
Assessment Scale (OMAS) in each week of CCRT. In this
study, another group of patients who received basic oral care
together with sodium bicarbonate mouthwash was used as a
baseline for comparison. The second objective of this study is
to compare the pain score between the two groups. For each
week, any drugs prescribed e.g., analgesic drugs and antifun-
gal agents, tube feeding insertion as well as the compliance of
CCRT was also recorded.

Material and methods
Patients and treatment

This study was a multicenter, randomized study conducted
among three university hospitals and one cancer hospital,
i.e., Chiang Mai University Hospital (CMUH), King
Chulalongkorn Memorial Hospital (KCMH), Siriraj Hospital
(SH), and Udonthani Cancer Hospital (UCH). It was conduct-
ed in compliance with principles of good clinical practice and
all subjects provided the institutional approved informed con-
sents. Tumor staging was based on the 7th American Joint
Committee on Cancer recommendation. A total of 60 head
and neck cancer patients were accrued as follows: 15 from
CMUH, 10 from KCMH, 10 from SH, and 25 from UCH.

The study enrolled non-metastatic head and neck cancer
patients, aged between 18 and 70 years old, with ECOG per-
formance status between 0 and 2. They were scheduled for
platinum-based CCRT at least 60 Gy with treatment volume
affecting bilateral oral mucosa with any of the following tech-
niques: two-dimensional (2D) radiotherapy, three-
dimensional conformal radiotherapy (3D CRT), or intensity-
modulated radiotherapy (IMRT). Pregnant and breast feeding
patients were excluded from the study. Also excluded were
patients who were unable to attend the protocol follow-up
visit, and those with known hypersensitivity to benzydamine
hydrochloride or NSAIDs.

Basic oral care protocols at each institution were permitted.
Patients were encouraged to brush their teeth regularly at least
twice a day and to consistently rinse with either benzydamine
hydrochloride or sodium bicarbonate mouthwash as predefined
by their randomized groups. One daily floss and use of fluoride
were allowed. Commercial mouthwashes such as chlorhexidine
or other oral hygiene products were prohibited.
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Patients were randomly assigned to receive either 0.15%
benzydamine hydrochloride or sodium bicarbonate mouth-
wash using block method with the allocation ratio of 1:1.
The study statisticians and nurses dispensed the study drugs
and maintained the confidential records of group assignment.
Study participants and clinical providers were all blinded to
subject assignment until the end of study.

Sodium bicarbonate mouthwash was prepared by the study
nurse by mixing of 1 1 of water with two teaspoons of baking
soda. Patients were instructed to rinse four times daily with
15 ml of the solutions for 2 min to ensure that the solutions
were well absorbed before expectorating as recommended in a
previous study [12]. If burning or stinging sensation occurs
with benzydamine mouthwash, a 1:1 dilution of water is per-
mitted. The mouthwash regimens were initiated prior to radi-
ation and continued until 2 weeks after the end of radiation.

Both groups of patients were provided measuring cups to
measure the quantity of oral mouthwash. The mouthwash was
given to each patient for 1-week use. All bottles of mouthwash
in both groups were returned each week for the quality and
compliance control.

Assessment

Patients were evaluated by the radiation oncologists at base-
line before CCRT, weekly during CCRT, at the end of CCRT,
and at 4 weeks after CCRT. The Oral Mucositis Assessment
Scale (OMAS) was utilized to assess the severity of mucositis
[18]. This validated scale provides grading of ulceration and
erythema at nine oral sites: the upper lip, lower lip, right buc-
cal mucosa, left buccal mucosa, right lateral and ventral
tongue, left lateral and ventral tongue, floor of mouth, soft
palate/fauces, and hard palate. Ulceration score was 0 for no
lesion, 1 for lesion less than 1 cm2, 2 for lesion 1-3 cm2, and 3
for lesion more than 3 cm?®. Erythema score was 0 for no
lesion, 1 for mild to moderate erythema, and 3 for severe
erythema.

Pain score (0—10), all prescribed medications including an-
algesic, artificial saliva supplement, and anti-infection medi-
cations, the need for hospitalization, treatment interruption,
and the addition of nutritional support or feeding tube were
also recorded. Oral candidiasis assessment was based on the
physical examination of pseudomembranous lesions or angu-
lar cheilitis in all our centers except at the CMUH center
where confirmation by the microscopic identification of
Candida was used.

Statistical analysis

In order to examine the effectiveness of benzydamine HCI on
the severity reduction of mucositis in head and neck cancer
patients receiving CCRT, null hypothesis was generated stat-
ing that the mean mucositis score of study group

(benzydamine hydrochloride) is less than the mean mucositis
score of control group (sodium bicarbonate). Sample size cal-
culations were performed to achieve high power for detection
of a one-point difference in mean of total OMAS score (range
0-5). Published data for peak OMAS scores in patients (no
intervention) indicated a standard deviation of £+ 1.1 points
[19]. Assuming 10% early drop-out or loss of follow-up, a
minimum sample size of 30 patients for each treatment group
was needed to obtain 90% power in order to apply a one-
tailed, two-sample ¢ test at 5% level of significance.
Categorical demographics and tumor characteristics data
were compared between groups using Fisher’s exact and
Wilcoxon rank-sum test for continuous characteristics. For pa-
tients with poor CCRT compliance, the Fisher’s exact test was
used to compare the proportion of patients received regimen
(i.e., weekly cisplatin, weekly carboplatin, and cisplatin every
3 months) between the study group and the control group.
Comparison of group of other treatments during CCRT be-
tween study group and control group was done using the
Fisher exact test. The OMAS and pain scores for each assess-
ment were compared between groups, using Wilcoxon rank-
sum test. All analyses were done using STATA (version 10).

Results

A total of 60 patients were enrolled in the study. As shown in
Table 1, patients and treatment characteristics showed no statis-
tically significant difference between the study group and the
control group. Most of the patients had locally advanced stage
disease (stages [II-IVB); 90 and 83% in the study group and the
control group, respectively. Nasopharyngeal carcinoma was the
most common primary site in both groups. The patients had
received a median total dose of 69.96 and 67.98 Gy in the study
and the control group, respectively. Most of our patients were
treated with IMRT technique in 48%. Mean oral doses for pa-
tients who received 3D/IMRT were 51.8 Gy.

As shown in Fig. 1, all patients developed mucositis onset at
second week during CCRT and most of them recovered at the
follow-up period. Statistically, the median for OMAS scores
was significantly lower in the study group at every week be-
tween the second and eighth week of CCRT. The corresponding
p values for those weeks in chronological order were 0.003,
< 0.001, < 0.001, < 0.001, < 0.001, 0.01, and 0.04. We found
the maximum of the third quartile of OMAS scores to be
around the fifth to the sixth week in both groups. In addition,
the maximum OMAS score across the whole period of CCRT
in the benzydamine HCI group was 25, substantially lower than
the maximum of 37 in the sodium bicarbonate group.

As depicted in Fig. 2, there was no significant difference in
the median of pain scores between the two groups during
CCRT and at the follow-up. The corresponding p values from
the second to the eighth week were 0.88, 0.59, 0.96, 0.73,
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Table 1 Baseline characteristics:

described as median (interquartile Variables Benzydamine HCl Sodium bicarbonate p value
range, [IQR]) or 1 (%) (N=130) (N=30)
Sex 1.00%*
» Male 24 (80%) 23 (77%)
* Female 6 (20%) 7 (23%)
Median (IQR) of age (year) 53 (44 to 60) 52 (47 to 60) 0.86%*
Primary site 0.79*
* Oral cavity 5 (17%) 7 (23%)
 Oropharynx 8 27%) 6 (20%)
» Nasopharynx 15 (50%) 16 (53%)
 Larynx 2 (7%) 1 3%)
Stage 0.24*
oI 3 (10%) 5 (17%)
oI 15 (50%) 8 (27%)
* VA 9 (30%) 10 (33%)
*IVB 3 (10%) 7 (23%)
Chemotherapy regimen 0.58*
» Weekly cisplatin 22 (73%) 19 (63%)
* Weekly carboplatin 8 27%) 11 (37%)
Radiotherapy
* Definitive RT 29 (97%) 25 (86%) 0.20*
* Postoperative RT 1 3%) 5 (17%)
Median [IQR] of total RT dose (Gy) 69.96 (66.00 to 70.00) 67.98 (64.00 to 70.00) 0.48%*
Technique of RT 0.31*
*2D 13 (43%) 12 (40%)
*3D 1 (3%) 5 (17%)
* IMRT 16 (54%) 13 (43%)

*p value from Fisher exact test

**p value from Wilcoxon rank-sum test

0.63, 0.92, and 0.15 and the p value at the follow-up after
CCRT was 0.80. We have observed the maximum of the third
quartile of pain scores at the seventh week of CCRT in the
study group and eighth week in the control group. The max-
imum pain score across the period of CCRT was 10 in both

Group: Benzydamine HCl

groups. Four weeks after the CCRT, the median of pain score
decreased to 2 in both groups.

Compliance of CCRT was shown in Table 2, with poor
compliance defined as patients in postoperative CCRT group
and in definitive CCRT group who received weekly

Group: Sodium bicarbonate
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Fig. 1 Total OMAS score over the treatment period and follow-up period (median [IQR]), maximum OMAS score across the period of CCRT: 25 in the

benzydamine HCI group and 37 in the sodium bicarbonate group
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Fig. 2 Pain score over the treatment period and at the 4—6-week post treatment (median [IQR]), maximum pain score across the period of CCRT: 10 in

both groups

chemotherapy less than 3 cycles and 4 cycles, respectively.
We found more patients with poor compliance in the control
group than in the study group i.e., 13 patients versus 10 pa-
tients. However, no differences were found between the two
groups.

As shown in Table 3, most of the patients in both groups
need analgesic drugs; 89% in the control group and 90% in the
study group, p value = 1.0. The most common analgesic drugs
used were opioids (syrup morphine/morphine sulfate tablet;
MST/morphine sulfate sustain released; kapanol®), the pre-
scribed usage rates of which were 48% in the control group
and 33% in the study group. For the antifungal agents used,
we found that none of the patients in the benzydamine HCI
group needed these agents, whereas 19% of the patients in the
sodium bicarbonate group were prescribed antifungal drugs
such as nystatin oral suspension or clotrimazole tablet. The
rate of feeding tube placement was essentially the same in
both groups during CCRT, i.e., 24 and 22% in the study group
and the control group, respectively. Clinical pictures of oral
mucositis and candidiasis are shown in Fig. 3a, b.

Oral retention and compliance for the mouthwash products
were better in the sodium bicarbonate arm than in the

Table 2 Poor compliance of CCRT

benzydamine HCl arm. Four patients (6.75%) in the study
arm could not tolerate the full dose of benzydamine HCI due
to burning and stinging sensation. For these patients, the
mouthwash was diluted at 1:1 with water.

Discussions

Strengths of our trial include the multicenter randomized
study in platinum-based chemotherapy with high-dose RT
which is the current standard of care in locally advanced head
and neck cancer. Moreover, our study is the first study that
enrolled both patients treated with definitive CCRT and post-
operative CCRT. To our best knowledge, only one study has
explored the efficacy of benzydamine HCI in high-dose radio-
therapy with or without chemotherapy [20]. In that study, the
investigators found a significant reduction in the rates of grade
3 mucositis in patients receiving benzydamine HCI and treat-
ed with high-dose RT alone (> 50 Gy), but not in patients
treated with CCRT.

The present study has demonstrated that prophylaxis rins-
ing with benzydamine HCI can be more effective in reducing
the severity of oral mucositis induced by CCRT, when com-
pared to basic care with sodium bicarbonate mouthwash. The
median of OMAS scores at every weekly assessment during

Regimens Benzydamine Sodium p value* 8 .
HCl n (%) bicarbonate CCRT was lower in the benzydamine HCI group compared to
n (%)
Weekly cisplatin 7 (23%) 7 (23%) 0.84 Table 3  Other treatments during CCRT in both arms
Weekly carboplatin 2% 4 (13%) Other treatments Benzydamine = Sodium p value*
Cisplatin every 3 weeks 1 (3%) 2 (7%) HCl n (%) bicarbonate
Total 10 (33%) 13 (43%) n (%)
Received weekly chemotherapy < 3 cycles in postoperative CCRT and The use of analgesic drugs 19 (90%) 24 (89%) 1.00
<4 cyclles .in definitive CCRTdocri r;:cgiyed every 3 weeks chemotherapy The use of antifungal agents 0 (0%) 5 (19%) 0.06
< 2 cycles in postoperative and definitive CCRT Tube feeding 5 24%) 6 (22%) 100

CCRT concurrent chemo-radiotherapy

*p value from Fisher exact test

*p value from Fisher exact test
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Fig. 3 Clinical pictures of oral
mucositis and candidiasis. a Oral
mucositis in a patient in this study.
b Oral candidiasis in a patient in
this study

that of the control group. In both groups of patients, we found
the maximum of the third quartile of OMAS scores around the
fifth week to seventh week of CCRT. The scores dramatically
decreased at 4 weeks after CCRT.

Data from several studies demonstrated that benzydamine
HCI rinses have a positive impact on the prevention of oral
mucositis in patients undergoing radiotherapy alone with the
radiation dose of less than or equal to 50 Gy [12, 16, 17, 20].
Rooparshri et al. [21] reported that benzydamine HCI (0.15%)
can help in delaying the progression of mucositis and in re-
ducing the intensity of pain and that it can be more effective
than 0.2% chlorhexidine and povidone iodine oral rinses.
Despite the fact that they used higher dose RT at 6600 cGy,
the exclusion criteria in their study were the patients who
received CCRT. While the previous research by Rastogi M
et al. [20] has not shown the benefit of prophylaxis rinsing
benzydamine HCI in CCRT group, our study reports the ben-
efit of this drug in the prevention of oral mucositis induced by
CCRT. The patients in the benzydamine HCI group in their
study received 100% cisplatin concurrently with RT, while
ours had 73%. Moreover, the oral cavity was the most com-
mon primary site (57%) in their study, whereas in our study, it
was not, i.e., only 17%. Although we had lower number of
oral cavity cancer, all of our patients received at least 60 Gy
with treatment volume affecting the bilateral oral mucosa.
Another difference that we found was in the radiotherapy
technique, i.e., 100% of 3D CRT in their study, but 43% of
2D RT, 3% of 3D CRT, and 54% of IMRT in ours for the
benzydamine HCI group. All differences could have been
the reasons for their CCRT patients not getting the benefit of
prophylaxis rinsing.

The distinguishing feature of benzydamine HCl in compar-
ison with basic sodium bicarbonate mouth rinses is that it has a
component of non-steroidal anti-inflammatory mouthwash
which also poses analgesic, antimicrobial, antifungal, and an-
esthetic properties [22-24]. Although benzydamine HCI has
the advantage on reducing the severity of mucositis, it does
not have any effect on the severity of pain, the compliance of
CCRT, or the need for analgesics as shown in Table 3.

The reason of ineffectiveness in reducing pain score in the
study group despite the lower OMAS score might be because
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of the high percentage of nasopharyngeal cancer patients in
both groups, i.e., 50 and 53%. As we know, the radiation field
of'locally advanced stage nasopharyngeal cancer covers all the
pharyngeal mucosa. As such, oral pain and throat pain would
be the two main symptoms already experienced by this group
of patients and oral rinse with the study drugs could not cover
the whole pharyngeal areas. From the fifth week of CCRT, it
seemed that benzydamine HCI was ineffective in pain reduc-
tion. Especially around the seventh to eighth week, the third
quartile of pain score of the study group was 9 and 8 in the
control group. However, during the fifth to eighth week, the
median pain score was 3.8-5 in the benzydamine HCI group,
slightly lower than 56 in the control group.

Another advantage of benzydamine HCI that we found in
this study is the reduction in the need of antifungal agents. The
antiseptic, antimicrobial, and antifungal efficacy of this
mouthwash may be the explanation. Pina-Vaz et al. [25] eval-
uated the activity of benzydamine, lidocaine, and bupivacaine,
three drugs with local anesthetic activity, against Candida
albicans and non-albicans strains and explained their mecha-
nism of activity. They concluded that at lower concentrations,
all three tested drugs had a fungistatic activity, due to yeast
metabolic impairment, while at higher concentrations, they
were fungicidal, due to direct damage to the cytoplasmic
membrane. The three drugs possess an antifungal activity
through a membrane-damaging action because of their lipo-
philic molecules. Benzydamine HCI was found to be the most
active of the three drugs. Moreover, it was reported that
benzydamine solutions for oral applications contain 0.15%
w/v mouthwash, a concentration 30 times higher than the min-
imal inhibitory concentration of the least susceptible Candida
strain. A few limitations of our study should be noted.
Although oral hygiene is a contributor to the score of oral
mucositis, we did not investigate the influence of this pa-
rameter on the study endpoints. Second, we did not attempt
to impose any specific scale to the erythema score assess-
ment. Its severity (mild, moderate, or severe) was deter-
mined by the site investigators. And third, most of our
patients were diagnosed of oral candidiasis based on clini-
cal examination only, not confirmed by the microscopic
identification of Candida.
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In conclusion, this study found that prophylaxis oral rins-
ing with benzydamine HCI for patients undergoing high-dose
radiotherapy concurrently with platinum-based chemotherapy
was superior to sodium bicarbonate mouthwash in terms of
alleviating the severity of oral mucositis and encouraging
trend for reducing the need of oral antifungal agents use.

Compliance with ethical standards It was conducted in compliance
with principles of good clinical practice and all subjects provided the
institutional approved informed consents.
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